There has been increasing evidence of the positive effects in informal science programs to promote the youths' positive development. However, relatively a small number of informal science programs target specific student populations such as youth in poverty with little research done about the important program factors. This case study presents an exemplary informal science education program (focusing on Earth Science Education or more specifically, water in urban environments) for youth in poverty in a midwest city of the United States. This study explored the most important characteristics of the program that could lead to positive development for the youth. Through a number of observations of the program and interviews with the participants, this study employs inductive and interpretive research methods. Findings show that the program managers' beliefs about the youths' knowledge and experiences, their relationship building skills, and their cooperative work are very important. A concrete mission for the program and structured institutional support to hire the youth as paid museum staff are also important in assuming their responsibility and building identity as an active social member.
Introduction
Quality and effectiveness for out-of-school science education programs are very important to encourage more youth to learn science, to pursue a career in science, and to make science education more relevant to youth (Dierking, 2007; Jung et al., 1995; Jung et al., 2009; Resnick, 1987) . There has been increasing evidence about the positive effects of informal science programs on youths' critical thinking skills, behaviors, and academic pursuits Koke and Dierking, 2007) . However, most of the youth participants of informal science education programs are still from families of higher socioeconomic status (SES) (Larson, 2000) . Note that programs for youths from poor communities have increased considerably, while there are relatively a few informal science education programs specifically designed to consider youth participants' socio-cultural context.
The studies about informal science program factors that are related to positive youth development (e.g. Dierking, 2007; Koke and Dierking, 2007) are not capable of examining do not examine in detail the most critical factor -youth participants' socio-cultural characteristics and how they interact with the programs. Moreover, most of the studies about informal science education programs do not explicitly address the correlations between positive outcomes and sociocultural contexts of the youth participants. In other words, the critical informal science education factors for youths' positive development investigated addressed in these studies may not work in a context where most of the youth participants have a low socioeconomic status. Based on a review of statistical research about informal science educations' effects on youth positive development, Larson (2000) also argued, if we can control the youth participants' socio-cultural factor such as SES, the significance of the positive outcomes will be reduced in strength.
Effective informal science education for underrepresented groups can be one of the answers to solve the inequity problems in science education (Fadigan and Hammrich, 2004) . Unfortunately, the current body of literature on informal science education is not sufficient to inform us of the important program factors necessary for successful youth science programs that target youth in poverty. Therefore, detailed analysis of an exemplary informal science education program for youth in poverty is a necessary approach to understand the important characteristics of program participant. This case study focused on presents an exemplary informal science education program for youth in poverty in a Midwest city in the United States. In this study, I explored the most important characteristics that could lead to positive development for youth in poverty. The specific questions for this study include:
(1) What characteristics are important for the program manager to embody in order to create an effective informal science education program for youth in poverty? (2) What characteristics are important in order to create an effective informal science education program for youth in poverty?
Literature Review: Informal Science Education Program Factors
There are many studies that show evidence of positive youth development in informal science education programs such as critical thinking skills, academic pursuits, and social skills (e.g. Baum et al., 2000; Beane, 2000) . Critical factors correlated with these findings are supportive adults, positive relationships with peers, activities that are meaningfully related to a student's life, the degree of the integration to an institution's mission, and connections to community programs (e.g. Dierking, 2007; Koke and Dierking, 2007) . These studies also show that youths' positive development in an informal science education program is not only related to the program manager's leadership in developing strong relationships with youth participants but also external program characteristics, such as the program's mission, goals and institutional support (Dierking, 2007; Fadigan and Hammrich, 2004) .
There is increasing evidence that the most critical factors correlated with positive effects of most informal science programs is supportive adults who worked hard to establish positive relationships with the youth (Dubois and Neville, 1997; Dierking, 2007) . The program manager's role in informal science education programs is especially important for youth from poverty because they often need an adult for additional quality science learning (Benard, 1992; Fadigan and Hammrich, 2004) . Most low income families cannot support quality science education resources for their kids, like quality books, afterschool programs, and out-of-school science programs, and as a result, these kids are more likely to fail to pursue higher education in science related degrees (Benard, 1992) . Program managers in youth science education programs not only play an important role model as a science teacher or a scientist, but they also have a great potential to influence the youth to enter science careers through their attitudes, encouragement, expectations, resources, teaching methods, and classroom materials (Fadigan and Hammrich, 2004) . However, there has been a lack of research to suggest the important characteristics for program managers, especially in science programs for youth in poverty.
In general, studies about mentoring youth suggest two important factors that help to build strong relationships; continuity and consistency in mentoryouth contact (i.e, at least once-a-week) as well as strong feelings of personal closeness (Dubois and Neville, 1997) . For the programs for youth in poverty, Benard (1992) suggests more specific factors that could build strong relationships between adult and urban youth participants, personalized attention and care, access to cultural and vocational resources, positive and high expectations, reciprocity and youth participation, and sustained personal commitment from the adult. Beyond the commitment of consistent contact, Benard (1992) also points out that the program manager's skills and beliefs about mentoring urban youth are important in making strong relationships with urban youth. According to Benard (1992) , supporting youth's emotions, providing information about vocational opportunities, and managing their behaviors for accomplishing the program objectives are important skills that a program manager must have in order to build successful relationships.
In addition to the importance of supportive adults (program managers), an informal science education program's mission determines the overall objectives of the program and family and community involvement, and consequently affects the program manager's pedagogical approach. Institutional support is also important for the success of an informal science education program. It determines availability of science educational resources and facilities and eventually affects the youth's academic achievements (Baum et al., 2000; Dierking, 2007; Koke and Dierking, 2007) . The program's mission and institutional support are important external factors that could shape the overall program's quality and outcome.
Methodology
This study is qualitative and interpretive in nature (Miles and Huberman, 1994) . It employs a case study (Merriam, 1998) in which the informal science education program presents a single case giving a unique example of successful informal science program for youth in poverty.
Program context
The program is an out-of-school youth science program at a youth science center of a science museum located in a big mid-west city near the Mississippi River. Over its 12 years, the programs in the youth science center have become one of the most admired museum-based youth programs in the Unites States. These programs have also been widely acknowledged as a leader among museum youth programs (Nelson and Schreiber, 2009 ). The program was created in 1996 to give youth from traditionally underrepresented populations a professional opportunity working in the science museum, learning science, and teaching science at the museum or one of its outreach sites. The youth in the program help museum staff build exhibitions, teach visitors at one of the assigned sites in the museum, research the STEM (Science, Technology, Engineering, and Mathematics) field, create lesson plans for outreach programs, and teach younger students in the outreach programs. Currently, approximately100 youth between the ages of 12-18 years old work as part of the program team. They mostly attend inner city middle and high schools and 75% of them qualify for free and reduced lunch. 60% of the participants are girls.
The youth participants work in one of the senior level groups in the youth science center. The youth group is composed of 8 to 12 junior and senior high school students who are led by the program manager. The youth group began in 2003 through funding from a National Science Foundation Science and Technology Center that studies earth surface dynamics. The team provides public outreach activities based on the work of the national science center and earth science related topics. As a result of participating in the youth group, participants learn about earth-surface processes, specifically those related to water resources, and the role humans play in affecting the processes. They also personally develop and strengthen their teaching skills so they can educate the public (museum visitors and school outreach groups) and outreach programs that teach younger students (K through 4 th grade) from poor communities. They also become aware of STEM careers and explore educational and professional opportunities in these fields. The primary activities of the youth group are developing and sharing waterbased earth-surface process activities with the public. The participants visit after-school program sites during the winter to share activities with elementary students. During the summer, the youth group facilitates activities in the museum's outdoor science park. Over 2,000 museum visitors interact with the youth group's activities each summer.
Participants
This study is based on the lives of six youth from poverty-stricken communities and the program manager who leads the group of the students. The group is called the Earth Science Crew. They are all urban high school students (11-12 th grade). Out of six students, two are male and four are female. One male student is white and the rest are students of color. All of the students were born in the United States. Four of them are from immigrant families. In the following paragraph, I briefly describe the program manager's background.
The program manager is in his late 20's and is a Caucasian male. He has been working for the program for three years and his educational background is in environmental science. The main role of the program manager is to support the youth team members in improving their scientific knowledge and skills in STEM (Science Technology, Engineering, and Mathematics) as well as engaging youth in the professional opportunities of teaching STEM related concepts. The program manager also helps the youths to pursue higher education by finding and sharing college entrance information and financial support such as scholarships and grants.
Data collection
The data for this study comes from two sources: 1) intensive observations from fall 2009 to spring 2010 at the youth science center, field trips to several sites along the Mississippi River, and a field trip to a Water Treatment Plant in the city, and 2) taped and transcribed interviews and informal conversations collected from fall 2009 to spring 2010 with the program manager and the youth participants.
Data analysis
Qualitative and inductive data analysis methods (Pattern, 2002) were used to analyze the interview and classroom observation data. However, data on classroom observations served mainly for triangulation purposes to support the validity of the common themes. Qualitative analysis proceeded with initial descriptive codes being assigned to the interview transcripts. Related codes were then grouped according to common themes. The common themes were; program manager's leadership, program's mission, and institutional supports. The coding was conducted independently by two other researchers, including the author. The inter-rater reliability in this coding was 86%. The interpretation of the classroom observation descriptions were also cross-examined with the program manager. This written data analysis focused on looking for variability and consistency in what the youths said about their experience in the program and the program factors that affect positive youth development.
Findings
This study was designed to identify characteristics of an exemplary informal science program that produces positive development for youth. First, I address the most important factor, the program manager's leadership by focusing on his beliefs and skills in building strong relationships with the youth participants. Then I address the program's characteristics by focusing on the program's mission and institutional support in relations to the program manager's pedagogical approach.
Program manager's leadership as a supportive adult and mentor
The program manager believes that the most important factor for the success of the program is building strong relationships between him and the youth participants as well as the strong relationship between the youth and their peers in the program. He tries to create an atmosphere where the youth feel accepted and respected. For example, the program manager conducts group time called 'High and Low', in which each person shares personal issues of their everyday life with him and the other youth. The youth share a 'high', which could be an exciting event that they enjoyed or that made them excited at school or in their home. A 'low' is the opposite and could be a bad grade, sickness, or anything else that makes them feel bad or frustrated. The program manager participates in 'High and Low' not as a leader, but as another participant by sharing his own life. Through the experience sharing and hearing their peers concerns and issues in their everyday lives, the youth build a sense of closeness. The 'High and Low' time shows the program manager's careful consideration to build strong relationships between the youth as well as the relationship between him and the youth. The 'High and Low' time is not just for sharing their everyday life but also for sharing their feelings and giving and receiving emotional support. The following quote from a youth participant shows how much she built strong relationships with other members of the program. The program manager also believes that urban youth's different backgrounds, knowledge, and experiences from their everyday life are valuable. He values their teaching experience in informal settings as well as from their everyday life experiences like talking and teaching scientific concepts to their friends at school, teaching younger kids in their church or community, and teaching younger siblings at their home. More importantly, he expects that urban youth can choose more relevant topics for younger kids in urban areas because they grew up in the same place and share similar norms and interests. In other words, the program manager does not see an each youth's different personal characteristics and their funds of knowledge from their home as an obstacle for strong team performance but instead as a good source to make a strong team performance.
"I do like to have a variety of levels of experiences and ability cause you can look to those people who have more strong connections to science and higher academic achievement to help pull up those youth who are not good at science, so they acted as role models for them.
Maybe you know who aren't successful in those area, see work along sides somebody who has more success in those area. You know as well I hire youth who have more advanced interpersonal skills who may be aren't in science area because then personality wise they can help people who are less confident and more shy develop those skills…sharing their skills. Somebody who is more extraverted but has less science skills does not feel they are inferior to this person who is good at science because they have some skills they could work on."
The program manager also believes that cooperative working skills are the most important thing for youth to accomplish in the program and which consequently makes them feel successful. To have a strong team performance, he also encouraged the youth to respect individual merits such as social skills, interests and scientific knowledge. During the process of choosing the teaching topics and developing ideas for activities, the program manager demonstrates his respect to each youth's opinion and knowledge as a role model. He also supports the youth in using their different personality and characteristics for their work and helps them to focus on their merits. For example, he encourages the youths who have more scientific knowledge to help other youth who have less knowledge than them. He also encourages those who have more social skills to lead a discussion. He always prepares activities and opportunities for the youth to work cooperatively.
The program manager is a mentor teacher to help the youth (beginning teachers) think about the purpose of teaching, alternative strategies, classroom management issues, and safety of scientific experiments. He also supported the group in finding teaching resources or materials that are available at the youth science center. For example, before the youth started the lesson planning, the program manager prepared two field trips to urban areas near the Mississippi River. He thought that these experiences might invite more youth to learn more scientific knowledge about the water we drink as well as to make the water knowledge they have learned at their school more meaningful to them. He helps the youth connect the topics of the program; urban water resource and water quality to their everyday life and to learn scientific knowledge that is meaningful for them.
In summary, the program manager respects the youth's experience and knowledge from their home and culture. He is creates a cooperative work community where they can share their experience and knowledge. His leadership to create an atmosphere and community that respects their own knowledge and choices also help the group members to build strong relationships. His leadership and pedagogical orientation cannot be isolated from the program's mission and pedagogical orientation. In the following I describe how the program's mission shapes the program as relevant to the youth from poverty.
The program mission
The program manager's belief about building strong relationships and a respectful atmosphere coincides with the program's mission. He mentions that the program's mission emphasizes the importance of building strong relationships between participants and programs by creating an atmosphere in which they are accepted and respected. The program makes a great point of building an open-minded atmosphere for urban youth who have different cultural and linguistic backgrounds and family problems.
The program's mission not only affects the program manager's pedagogical orientation but also how the program manager designs and manages the physical spaces and facilities of the program and facilities. The program space was organized and designed so that the youth can come anytime and meet their peers and program managers. The space includes couches and tables for talking with peers; sinks and a refrigerator for eating and keeping their own snacks; computers for research, checking e-mail and downloading music files during the break; educational resources such as books and science equipment; and a posting space with information about college scholarships and grant opportunities. The facilities are oriented to support the youth's scientific knowledge, relationships between the program manager and each other, and their academic pursuits in STEM filed.
The most important factor in the success of the program is that the program offers the youth the opportunity of community service which makes them proud of themselves as an active social member. The community service includes teaching museum visitors during the summer and teaching earth science for elementary students at afterschool programs at community centers. Through the community service and teaching experience, urban youth can develop their identity as an active social member.
I found that the youth believed that they positively affected their learners' (museum visitors and younger students at afterschool programs) scientific knowledge and awareness of urban water quality and stewardship about environmental problems. The following quote shows one of the youth's thoughts about her experience teaching younger kids in an outreach program.
"When we started doing outreaches, I realized working with kids is fun and easy in a way. The coolest thing is just basically seeing children, how they develop more. I think it is pretty fun...It was interesting seeing the children, for example if we ask them about water, it is interesting hearing difference ideas from children."
The community service opportunities also offer a unique experience in which the youth use knowledge from their everyday life experiences. Through the process of teaching the youth can share their funds of knowledge from their own experience of teaching their own siblings and at other community services such as Sunday School at church. They learn that knowledge from their everyday life is valuable. They also feel strongly that they contribute to their community by teaching younger students who are in a similar context to them in terms of living in an urban area, having low family support, and low socioeconomic status. The good characteristics of the program play an important role in making urban youth more responsible, more open-minded to their peers, as well as helping them to develop more professional skills.
The science museum: institutional support The institutional support from the museum helps urban youth to accomplish their responsibilities through an employment opportunity. The employment opportunity is very important for urban youth in poverty because some of them give financial support to their family. Paying them makes the program more meaningful and helps them to develop their identity as an employee. The following quote shows how one of the youths expressed her experience of being responsible in this program. In a larger institutional context, the museum's support makes the implementation of the program's mission possible. The youths' working experience in the Earth Science Crew is based on a yearlong process of four chronological cycles. They work with museum visitors during the summer, develop lesson plans for outreach programs during the fall, co-teach using the lesson plans during the winter, and reflect on the experience during the spring. After the yearlong support from the museum, they could continue to reflect on their learning and teaching as well as build strong relationships with their peers.
Conclusion and Implications
There is no doubt that the program manager's pedagogical orientation is affected by the program characteristics, curriculum, activities, and philosophy. However, he also has his own pedagogical ideas that are unique and independent to the program itself.
First, I tried to categorize his beliefs and skills in building strong relationships with the youth in poverty. The program manager's belief about the youth's personal experience and knowledge that they can bring to the other youths and to the team performance makes his pedagogical practice more relevant. For example, he expects that the youth would have more relevant knowledge and experience for teaching a water unit to younger students who are from similar cultural backgrounds. He also allows the youth to teach other peers and accepts the science topics the youth participants choose for the outreach program.
More importantly, the program manager has built strong relationships with the youth by demonstrating his trust and expectations towards their ability and skills for cooperative work as well as by offering opportunities to make them feel strong personal closeness with each other. This finding also supports the findings from other studies (e.g. Dubois and Neville, 1997) . Furthermore, the program manager's pedagogical beliefs and skills makes each youth's funds of knowledge valuable in the working context and helps them to maximize their funds of knowledge in positive ways. This finding echos the findings from other literature saying that the critical factors correlated with positive effects of most informal science programs are supportive adults with high expectations who worked hard to establish positive relationships with them (Dubois and Neville, 1997; Koke and Dierking, 2007; Fadigan and Hammrich, 2004) and curriculum and activities that were interesting, personalized and meaningfully related to their daily lives (Fusco, 2001; Gonzalez, 2005; Hammond, 2001; King et al., 2001) . I also found that the program's mission and institutional support is also an important factor along with the program manager's beliefs and skills. Encouraging urban youth to be an active member of a community through informal science education is very important for youth in poverty. However, without a concrete program mission for helping the youth from poverty and structured institutional support, it is impossible to offer youth the real experience of being hired as active social members such as teachers and museum staff in this program. The experience of working as real staff in the museum helps the youth to develop their sense of responsibility and their social identity.
This study implies that the program manager's beliefs about urban students skills to develop curriculum and be a teacher were important to empower urban youth to be more active and responsible social members. There have been many studies that suggest that this is what makes the most effective teachers for youth in poverty or in poor urban environments (e.g. Atwater, 1995; Gess-Newsome and Southerland, 2000; Ladson-Billings, 1995; Murrell, 2000; Sleeter, 2001; Villegas and Lucas, 2002) . This study echoes the findings from other studies focusing on the important characteristics of the program managers: 1) program manger's beliefs about students' funds of knowledge (e.g. Velez-Ibariez, and Greenberg, 2005) , 2) skills to use the knowledge for more productive ways such as promoting cooperative learning environments (e.g. Roseth et al., 2008) , and 3) skills to build strong human relationships between participants and program manager-youth participants (e.g. Dubois and Neville, 1997; Styles and Morrow, 1992) . Particularly, most urban youth growing up in poverty, do not receive quality science education resource from quality schooling, afterschool programs, and science based out-of-school programs (Benard, 1992) . Program managers not only serve as an important role model as a science teacher or scientist, but they also have a great potential to influence youth from poverty to enter into STEM careers through their attitudes, encouragement, expectations, resources, teaching methods, and classroom materials (Fadigan and Hammrich, 2004) . This study also implies that program missions and institutional support for informal science education programs is important for youth in poverty to develop their identity as active social members. In most cultures, youths' role as active social members is ambiguous in terms of their right to participate in decisions for the society and their actual contributions to the society. Kurth-Schai (1988) argues that the underestimation of youth ability as inactive members of society is the result of the current legal and education system, in which the major task of youth is academic achievement, not participation in socially approved productive work or important decision making in their community. Because of the school's definition of the success of youth development such as success of academic achievement, youth struggle with 'conflicting perceptions of their abilities and inadequacies, rendering their social presence inconsequential and their social power invisible' (Kurth-Schai, 1988, p 116) . As this study shows, the program's mission and institutional support to hire youth in poverty as paid museum staff is very important in making the youth responsible for their tasks and building their social identity. Every student needs to experience success in their school and work place. Through program managers and institutional support, the experience of being successful as an active social member could be possible for youth in poverty.
